A cute appendicitis is the most common acute surgical condition in children and a major cause of pediatric morbidity. It is diagnosed in only 50% to 70% of children at the initial assessment. Appendicitis is known to escalate rapidly from malaise to perforation usually within 36 to 48 hours. Perforation dramatically increases complications such as abscess formation, peritonitis, sepsis, and small-bowel obstruction, hence the importance of early diagnosis. Despite advanced imaging technology and scoring systems, perforation rates have not changed in the past decades. 1 Diagnostic approaches to appendicitis vary considerably between different centers. Currently there is no consensus on one single method; however, it is well recognized that ultrasound (US) is an important modality for the detection of acute appendicitis. According to different studies, [2] [3] [4] [5] US has 67% to 88% sensitivity and 78% to 98% specificity. This wide range is thought to be due to operator, patient, and machine differences. 6 Ultrasound criteria for diagnosing appendicitis include cross-sectional thickness of 6 mm or greater, lack of compressibility, appendiceal wall hyperemia, intra-abdominal free fluid, surrounding hyperechoic fat, and luminal distention or a fecalith. The main limitation of US is the inability to show the appendix, which is the case in up to 20% of patients. 1 Therefore, accompanying additional findings can contribute to early diagnosis.
We have noticed that in children with acute abdominal pain and suspected appendicitis, the cortex of the right kidney is often hyperechoic on US images. The purpose of this study was to evaluate this finding and its association with appendicitis.
Materials and Methods
This study was approved by the hospital's Institutional Review Board/Ethics (Helsinki) Committee. Our institution is a tertiary referring hospital with 20,000 pediatric emergency referrals annually. This study included 240 patients with acute abdominal pain who underwent abdominal US examinations from February 1, 2014, to January 31, 2016. All patients were referred from the pediatric emergency department with suspected appendicitis. Exclusion criteria included known renal or liver disease, abnormal past or present liver and renal function test results, abnormal past or present urinary test results, suspected urinary tract infection, incomplete medical records, and other chronic disease. Ultrasound examinations performed off hours by residents and examinations in which the right kidney and liver did not appear in the same image were also excluded from the study. In addition, to ensure uniformity of images and echogenicity, studies performed on US machines that were at our department temporarily for demonstration purposes were excluded. The patient selection process is summarized in Figure 1 .
Ultrasound Examinations
All US examinations were performed with an Acuson S2000 unit (Siemens Healthcare, Erlangen, Germany) by a sonographer or a staff pediatric radiologist. The upper abdomen, pelvis, and right lower quadrant were scanned with a 2-6-MHz convex transducer or a 4-9-MHz linear transducer with wide scanning capability for smaller children. The right lower quadrant was also always scanned with a 4-9-MHz linear array transducer.
Interpretation of US Examinations
A sonographer reviewed each examination retrospectively and marked only images that included the liver and the right kidney. These images were saved as "key images." The key images alone were reviewed by a pediatric radiologist (M.S.) with 17 years of experience in general US and 9 years in pediatric US. This radiologist was blinded to the US results, clinical outcomes, and images showing the appendix. The right renal cortex of each examination was categorized as having less, equal, or greater echogenicity compared to the adjacent liver, as in Figures 2-4 .
Clinical data regarding age, sex, presence of urinary tract symptoms, urine stick analysis, other US diagnoses, and final diagnosis at discharge were extracted from the patients' electronic records. The final diagnosis was considered positive for appendicitis in 1 of the following circumstances: (1) appendectomy and a positive pathologist's report; and (2) no appendectomy but a US diagnosis of appendicitis and antibiotic treatment for 7 to 10 days under the diagnosis of appendicitis.
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Statistical Analysis
The prevalence of increased echogenicity was calculated for the diagnosis of appendicitis by US, for patients who underwent appendectomy, for the diagnosis of appendicitis by the pathologist's report, and for patients with clinical and US diagnosis of appendicitis who did not undergo surgery but received an antibiotic. To determine whether the level of increased echogenicity was associated with appendicitis the above analysis was conducted 3 times: (1) kidney equal to liver or kidney greater than liver, (2) kidney greater than liver, and (3) kidney less than liver.
To assess the association between signs of complicated or advanced appendicitis and renal echogenicity, 4 pathologic findings were evaluated: periappendicitis, perforation, abscess/phlegmon, and gangrenous/necrotizing appendix. Increased echogenicity in patients with these signs was compared to the prevalence of increased echogenicity in patients with appendicitis but without these signs and with patients without appendicitis. The prevalence of increased echogenicity was also calculated and assessed for other causes of pain, including mesenteric lymphadenitis, gastroenteritis, inflammatory bowel disease, and ovarian causes, as diagnosed by US.
All of the information was coded for statistical analysis. Categorical variables were described as incidences and percentages. Consecutive variables were evaluated for a normal distribution by histogram and Q-Q plots and were described as medians and ranges. Consecutive variables were compared between categories by a t test for independent samples or analysis of variance. Categorical variables were compared between groups by a v 2 test or Fisher exact test. A multivariable analysis was conducted by logistic regression, and the odds ratio was 
Results
This study included 96 female patients and 144 male patients aged 2.0 to 17.9 years (median, 12.6 years). Ultrasound findings were positive for appendicitis in 77 of 240 (32.0%) patients, of whom 68 of 77 (88.3%) underwent surgery. The rest were followed clinically. Four patients with negative US finding also underwent appendectomy. Patient outcomes are described in Figure 5 .
The sensitivity, specificity, positive predictive value, and negative predictive value for diagnosing appendicitis by US were 92%, 96%, 79%, and 97%, respectively. The negative appendectomy rate was 16%.
Altogether 88 of 240 patients (36.6%) had increased renal cortical echogenicity. The renal cortex had increased echogenicity (defined as equal to or greater than the echogenicity of the liver parenchyma) in 49.4% of all of the patients who had appendicitis according to US (P < .001), in 47.0% of patients who underwent appendectomy (P 5 .002) and in 50.0% of patients who had appendicitis according to the pathologist's report (P 5 .294; Table 1 ). Overall, 36.0% of the patients with increased echogenicity of the right kidney had a diagnosis of appendicitis.
Of the patients with increased echogenicity and appendicitis according to US 29.7% had echogenicity greater than the liver, and 20.3% had echogenicity equal to the liver. Although both were statistically significant, the P value for echogenicity greater than the liver was stronger than that for echogenicity equal to the liver (.001 and .01, respectively).
In the presence of increased renal cortical echogenicity, the odds ratio for appendicitis was 2.8 (P 5 .001). Data are presented as number (percent). K and L indicate kidney and liver echogenicity. a Compared with K < L (normal kidney echogenicity).
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After correction for variables such as age, sex, and mesenteric lymphadenitis, there was a 2.5 times chance of appendicitis in patients with increased right renal cortical echogenicity (P 5 .004). Male patients had a higher prevalence of increased echogenicity than female patients (41.0% vs. 20.0%; P 5 .001). The median ages of the patients were 12.1 years in the normal echogenicity group and 11.9 years in the increased echogenicity group (P 5 .869).
The advancement of appendicitis (periappendicitis, perforation, abscess/phlegmon, and gangrenous/necrotizing appendix) did not reach statistical significance except for when patients with periappendicitis (P 5 .023) and necrotizing appendicitis (P 5 .006) were compared to patients without appendicitis. There was no statistically significant association between right kidney hyperechogenicity and mesenteric lymphadenitis. For the other diagnoses (ovarian causes, gastroenteritis, and inflammatory bowel disease), the groups were too small to detect a meaningful association (Table 2) .
Discussion
In infants older than 6 months, children, and adults, the renal parenchyma, both cortex and medulla, are normally less echogenic than the liver parenchyma. [9] [10] [11] [12] [13] [14] Increased echogenicity of the right renal cortex is defined as having the same or greater echogenicity compared to the adjacent liver and is widely accepted as a nonspecific indicator of kidney disorders. 9, 11, 12, 15 Krensky et al, 9 however, demonstrated that for 6% of children with a hyperechoic kidney, there was no detectable kidney disease. In addition, Wiersma et al 15 described hyperechogenicity of the kidney in association with acute abdominal illness. In their study, 26 of the 34 pediatric patients with renal hyperechogenicity had a diagnosis of appendicitis. Both of these studies indicate that kidney hyperechogenicity may have causes other than renal disorders. To date, little is known about the mechanism of increased renal cortical echogenicity even in kidney disease. Possible causes include flow rates in blood vessels and tubular systems, renal perfusion changes, cellular infiltrates, scarring, biochemical characteristics of the fluid and blood within the kidney, and the patient's hydration status. 9, 16, 17 The echogenicity of the blood also contributes to the overall renal echogenicity and is affected by factors not necessarily related to the kidney, including increased serum hematocrit, fibrinogen, and other macromolecules. 17 In our study, we have shown that increased renal cortical echogenicity does not necessarily indicate renal dysfunction or disease. All patients with known kidney disease, evidence of kidney disease in the past, or abnormal serum and urine renal function test results were excluded. Moreover, all of the patients who had increased renal cortical echogenicity had normal serum creatinine and urine strip test results, and there was no statistically significant difference in the prevalence of urinary symptoms between the patients with increased echogenicity and those without (P 5 .56). These data together support the hypothesis that increased renal cortical echogenicity may have other nonrenal causes.
Increased renal cortical echogenicity was more common in patients with a US diagnosis of appendicitis than in patients without (P 5 .001). When tested in association with the pathologist's report, there was no statistically significant difference (P 5 .29) between increased renal cortical echogenicity and appendicitis. This finding can be explained by several reasons. First, the falsepositive group (US positive, pathology negative) was small (9 patients), setting a limit to the statistical power. Second, only 3 of these 9 patients had increased echogenicity, all of whom had lymphoid hyperplasia: 1 extensive and 2 with vascular congestion. Lymphoid hyperplasia is considered a physiologic response to an inflammatory state such as viral gastroenteritis or mesenteric adenitis and causes a clinical and US presentation similar to that of appendicitis. 18 We propose that the inflammatory state common to lymphoid hyperplasia and appendicitis may have been the underlying cause of the increased echogenicity in the 3 patients with negative appendectomy findings in our study.
Increased hydration has been proposed as a contributing factor in the degree of renal cortical echogenicity. 16 Although children with acute abdominal disease are often dehydrated because of low fluid intake and vomiting, intravenous fluid resuscitation before the US Patients' ages did not influence the echogenicity (P 5 .1). However, more male patients had increased cortical echogenicity than female patients (P 5 .001), although they did not have a higher rate of appendicitis. We speculate that this finding might be due to differences in perinephric and intrarenal fat sex differences or sex differences in the inflammatory response mentioned above. A study assessing the effect of industrial solvents on renal echogenicity found that the renal cortical echogenicity was generally greater in male patients compared to female patients. 17 It is beyond the scope of this study to elucidate this phenomenon.
Our sensitivity, specificity, negative predictive value, and positive predictive value for diagnosing appendicitis by US were compatible with other studies. 19 The negative appendectomy rate of 16% was compatible with previously published data. 20 The sensitivity of increased cortical echogenicity for appendicitis was relatively poor (52.3%). The authors did not hypothesize that increased renal cortical echogenicity could be used as a screening test for appendicitis. Its presence, however, in equivocal cases of appendicitis, and once renal disease has been ruled out, may have value in the clinical decision-making process, given the high rate of increased echogenicity in patients with appendicitis. Specificity was only 70.6%. This finding is expected, as there are many other causes for increased renal echogenicity other than appendicitis. 9, 12, 15 Our determination of kidney echogenicity was solely based on "eyeballing," which is an entirely subjective method and a drawback of the study. It involves comparison to the adjacent liver in the same image frame. Although postprocessing software is available to measure organ echogenicity, it is not available on standard US units and is not widely accepted. We speculated that would be easier for the naked eye to recognize contrast than similarity. Indeed, within the increased echogenicity group, more patients had renal echogenicity greater than the liver than equal to the liver. When we used echogenicity greater than the liver as an index for increased cortical echogenicity, there was a statistically significantly higher rate of appendicitis (P 5 .001) than when we used echogenicity equal to the liver as a determinant of increased echogenicity (P 5 .01). The liver echo texture is the reference by which the kidney is compared for determining its degree of echogenicity.
Although liver echogenicity is affected by several factors in adults, there is no published evidence showing increased liver echogenicity in children with an acute abdomen. Moreover, patients with known liver disease or abnormal liver function test results were excluded from the study. A recent study by Tulin-Silver et al 21 showed an association between increased hepatic periportal echogenicity and perforated appendicitis. Theoretically, this association could influence the subjective comparison of the echogenicity between the liver and the kidney. However, at our institution the "rule out appendicitis" US protocol does not include a full scan of the liver, rendering this comparison unattainable.
Another limitation of this study was the lack of follow-up of the patients with increased cortical echogenicity who were not hospitalized. This process was not possible because of the health service structure in our country. However, at the time the data were collected, which was at the least 8 months and up to 13 months after the visits to the emergency department, none of the patients returned to the hospital as inpatients or outpatients or to the emergency department.
This study is further evidence that increased renal cortical echogenicity is a poorly understood phenomenon and does not necessarily indicate kidney disease.
In conclusion, we found a statistically significant association between increased renal cortical echogenicity and appendicitis. When renal and liver diseases are ruled out, this sign may be used to confirm appendicitis in equivocal cases or may prompt further imaging such as computed tomography or magnetic resonance imaging when the appendix is not visualized.
